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(54) Dielectric resonator, dielectric filter, duplexer and communication device 

(57) The invention provides a dielectric resonator 
for example in the TE010 mode characterized in that 
electrodes (1 . 2) are formed on both principal surfaces 
of a dielectric plate (3) in such a manner that influence 
of spurious waves propagating in a space between the 
electrodes (1 , 2) and a conductive plate (6) is prevented 
thus preventing the reduction in Qo and degradation in 
the attenuation characteristic in the frequency ranges 
outside the passband. The inner diameter (2a) of the 
cavity (8, 9) is selected such that when the cavity (8, 9) rg.1 (A) 

is regarded as a waveguide the cutoff frequency of the 
waveguide becomes higher than the resonant fre- 
quency of a resonance region and such that the inner 
diameter (2a) of the cavity (8, 9) is greater than a non- 
electrode part (4, 5). 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 



tor IZZTtl mm> ? re,ates t0 a 'esona- 
wave or m,ll,meter wave range and also to a 
comrnumcafton device using such an element. 

2- Description of the Related Art 

In recent years, with the increasing popularity of 
mobHe communications systems and mS^tfe 
are.ncreas.ng needs for highspeed and high^S 

transmitted- -via- -these- communiratiohs systems 
ncreases. the frequency range used in c^urS™ 

ran* toKf r inCreaSed ' r0m ,he mi « 
range to the m.ll.meter wave range. Although TE018- 

rnode d.electric resonators, which are widely used in the 

microwave range, can aiso be used i n S2 

waver range, extremely high accuracy is r«Wm 

uncai aieiectnc of the resonator, which determine th* 

<n the millimeter wave range. In the case where a fZ 

TE018-mode drelectric resonators, extremely 553 
boning accuracy is required when TE016-n^e dieS 
fr-c resonators are disposed at property £j£ 

irequency of each resonator should hp aHi,,e+~j 
cisely. H is also required that coding S^SlE 

oS°7 b : Pre<:iSe,yadjuS,ed ^°wever. a 9 v?ySn- 
pl.cs.ed structure .s required to perform precise Eg. 

DoseJlT ^ PreSent inverrti °" has pro- 

K Japanese p atent Application No. 7-62625 a 

"JT!*" 9nd 8 ^P** "Iter which doe* 
not have the above problems 

Figs. 10A and 10B illustrate the structure of the die- 

S a l eS ° na ' 0f diSC,0Sed in the Patent appSon 
cried above, wherein only the essential parish shZ 
•n the figure. In Rgs. lOAand 10B. reference SSSS 
denotes a dielectric substrate having a 
tive d.electric constant Electrodes Tanfl I2ra Z2Z 

such that each electrode has a circular-shaoed nl 
eie*ode part 4 or 5 whose diameter uV££<Z 
m.ned Conductive plates 17 and 18 are deposed at 
opposrte sides of the dielectric substrate 3 sSuhJ 

225 ? IS 6tructUre - a resonator region 60 with a 

and rt acts as a TEOIO-mode dielectric resonator. 
In the above dielectric resonator having the struc- 
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tore including electrodes having non-elects „ - 
with substantially the same shape Z^Z m £Tn 
opposite principal surfaces of The JeS c ^l d fe 
posed between the two conductive plate? IZ I £ 

uucnve piates, and the spunous waves prooaaata in 

^SE^L- 71 " means reso "ance assoS 
with such standing waves occurs. «*°ciaiea 

If such TE-mode spurious waves are aeneratert ann 

^WintoespacesbetweentherSeSSS 
pal surfaces of the dielectric plate and tmaZET 
_ptates,_energy ^^of-TEOIuJde^Sc^^ 
amentia, in this dielectric resonator^^^ 

One technique for constructing a dielectric re™™ 

- ££. kTJT ^ * 001 esse: 

Application No. 8-54452 Japa " eSe Patent 

di e i^ an ^ 01 presem inve "tion to provide a 
delechc resonator, a dielectric fitter, a duplexed a 

m^"** 0 " d *** ^"9 such an elerSmfo S£ 
trie aWdescribed problems are preventedin a X? 



35 SUMMARY OF THE INVENTION 

*»£^3SZ * *• ^ ""entfon. 
frnHo. * " a d,e,ectr, c resonator including elec- 

El 9 .^ Ch 0ther ° n *« •W** 5 P^oipal sur- 

characterized in that: the dimensions oSTSJtE 

region and so that the Se oTto^ ? ~~ 
«ie outer size of the non-electrode parte IZTJl™ 
■ng that generation of spurious vraves in^ 

venS 6 ' nner Wa " 01 406 cavity is pre- 

ln the above dielectric resonator, the cavftv nrof 
erably formed into a cylindrical shape ^an S 
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diameter 2a which satisfies the condition 
a < c/(3.412fo) where fo is the resonant frequency of 
the resonance regions and c is the velocity of light. 

When the cavity is regarded as a circular 
waveguide having a radius a, the lowest-order mode of 
the circular waveguide is TE11, and its cutoff wave- 
length X c is given by X c = 3.412a. Therefore, if the radius 
a is selected such that a < c/(3.412fb) where fb is the 
resonant frequency of the resonant region and c is the 
velocity of light, then the TE1 1 wave is cut off and thus 
the propagation of the TE1 1 wave in the cavity is sup- 
pressed. 

The cavity may also be formed into a rectangular 
shape with a width a which satisfies the condition 
a < c/(2fo) where fo is the resonant frequency of the 
resonance regions and c is the velocity of light. 

When the cavity is regarded as a rectangular 
waveguide, the lowest-order mode is TE10, and the cut- 
off frequency 7^ is given by X c = 2a . Therefore, if the 
width an is selected such that a < c/(2fo) where fb is 
the resonant frequency of the resonant region and c is 
the velocity of light, then the TE10 wave is cut off and 
thus the propagation of the TE11 wave in the cavity is 
suppressed. 

According to another aspect of the present inven- 
tion, there is provided a dielectric filter including elec- 
trodes formed on both principal surfaces of a dielectric 
plate, a plurality of non-electrode parts having substan- 
tially the same shape being formed in the respective 
electrodes such that the non-electrode parts on one 
principal surface of the dielectric plate are located at 
positions corresponding to the positions of the respec- 
tive non-electrode parts on the other principal surface 
on the opposite side, the respective regions between 
the non-electrode parts serving as resonance regions, 
said non-electrode parts being surrounded by a cavity 
formed inside a conductive case, the dielectric filter fur- 
ther including a signal input part and a signal output part 
which are each coupled with an electromagnetic field in 
the vicinity of any of the plurality of resonance regions, 
the dielectric filter being characterized in that the width 
of the cavity at the boundary part between adjacent 
non-electrode parts is determined so that the cutoff fre- 
quency associated with the boundary becomes higher 
than the resonant frequency of the resonant regions, 
thereby ensuring that generation of spurious waves in a 
space between the electrodes on the principal surfaces 
of the dielectric plate and the inner wall of the cavity is 
prevented. Thus the resultant dielectric filter is excellent 
in that large attenuation is achieved in the frequency 
ranges outside the passband and that spurious waves 
are suppressed. 

The coupling between adjacent resonators formed 
in the corresponding resonance regions can be 
adjusted by properly selecting the width of the boundary 
part of the cavity. 

In this dielectric filter, the cavity surrounding the 
non-electrode parts is preferably formed into a cylindri- 



cal shape, and the width e of the boundary part of said 
cavity is determined such that e < c/(2fo) where fo is 
the resonant frequency of the resonance regions and c 
is the velocity of light. 

The cavity acts as a waveguide in which the cutoff 
frequency at the boundary part is given by c/(2fo). 
Therefore, if the width e is selected such that 
e < c/(2fo) , propagation of spurious waves through the 
boundary part is suppressed. 

According to still another aspect of the invention, 
there is provided a duplexer characterized in that a die- 
lectric filter comprising a dielectric resonator according 
to any of aspects of the invention and further comprising 
a signal input part and a signal output part or a dielectric 
filter according to the above aspect of the invention is 
used as a transmitting filter or a receiving filter or both 
receiving and transmitting filters, the transmitting filter 
being disposed between a transmission signal input 
port and an input/output port, the receiving filter being 
disposed between a received signal output port and the 
input/output port 

According to still another aspect of the present 
invention, there is provided a communication device 
characterized in that it includes an RF circuit having a 
dielectric resonator according to any of aspects of the 
invention, a dielectric filter according to any of aspects 
of the invention, or a duplexer according to the aspect of 
the invention. 
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so BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and 1B are schematic diagrams illustrating 
a dielectric resonator according to a first embodi- 
ment of the invention; 

35 Figs. 2A and 2B are schematic diagrams illustrating 
a dielectric resonator according to a second 
embodiment of the invention; 
Figs. 3A and 3B are schematic diagrams illustrating 
a dielectric filter according to a third embodiment of 

40 the invention; 

Figs. 4A and 4B are graphs illustrating the charac- 
teristic of the dielectric filter shown in Fig. 3A, 3B, 
9A and SB- 
Figs. 5A and 5B are schematic diagrams illustrating 

45 a dielectric filter according to a fourth embodiment 
of the invention; 

Figs. 6A and 6B are schematic diagrams illustrating 
a dielectric filter according to a fifth embodiment of 
the invention; 

so Figs. 7A and 7B are schematic diagrams illustrating 
a dielectric filter according to a sixth embodiment of 
the invention; 

Figs. 8A and 8B are schematic diagrams illustrating 
a dielectric filter according to a seventh embodi- 
55 ment of the invention; 

Figs. 9A and 9B are schematic diagrams illustrating 
a dielectric filter according to a conventional tech- 
nique; 
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Fig. 10A and 10B are schematic diagrams illustrat- 
ing an example of the structure of a dielectric reso- 
nator according to a conventional technique 
wherein the electromagnetic field distribution is also 
shown in the figure; fi 

Fig. 11 is a schematic diagram illustrating a 
duplexer according to the invention; and 
Fig. 12 is a block diagram illustrating a communica- 
tion device according to the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A first embodiment of a dielectric resonator accord- 
ing to the present invention is described below with ret- is 
erence to Figs. 1A and 1 B. Fig. 1 A is a perspective view 
illustrating the external appearance and Fig. 1B is a 
. cross-sectional viewthereof. InFigs, 1 A and-1 B.refer- 
ence numeral 3 denotes a dielectric plate. Electrodes 1 
and 2 are formed on both principal surfaces of the die- so 
lectric plate 3 wherein circular-shaped non-electrode 
parts 4 and 5 are formed in the respective electrodes 1 
and 2 such that the respective non-electrode parts 4 
and 5 are located at similar positions on opposite sides 
of the dielectric plate 3. The region of the dielectric plate 25 
3 between the non-electrode parts 4 and 5 acts as a 
resonance region 60. The overall structure behaves as 
a dielectric resonator in the TE01 0 mode. The dielectric 
substrate 3 is disposed in a conductor 6 so that cavities 
8 and 9 are formed between the conductor 6 and the so 
dielectric plate 3. The cavities 8 and 9 are formed into 
cylindrical shapes which are coaxial to the non-elec- 
trode parts 4 and 5. 

When the cavities 8 and 9 are regarded as circular 
waveguides whose inner diameter is 2a, the lowest- 35 
order mode of these circular waveguides is TE11, and 
their cutoff wavelength is given by 



tromagnetic field in the TE010 mode is prevented from 
expanding into the cavities (in other words so that the 
electromagnetic field is confined within the dielectric 
plate). If the cutoff frequency is selected to be 1 .5 times 
the theoretical value, then the inner diameter 2a of the 
cavities 8 and 9 becomes 5.8 mm. 

Figs. 2A and 2B illustrates the construction of a 
second embodiment of a dielectric resonator according 
to the invention. This dielectric resonator is different 
from that shown in Figs. 1 A and 1 B in that the cavities 8 
and 9 formed between the conductor 6 and the dielec- 
tric plate 3 have a rectangular shape. When the cavities 
8 and 9 are regarded as rectangular waveguides, their 
lowest-order mode is TE1 0, and the cutoff frequency jl 
is given by ^ 

*c_=2a 

When the resonant frequency of the resonance 
region 60 is denoted by fb and the velocity of light is 
denoted by c. the inner size a of the cavities 8 and 9 is 
selected such that 



a<c/(2fb) 



(3) 



A. c = 3.412a 



(1) 



When the resonant frequency of the resonance 
region 60 is denoted by fo and the velocity of light is 
denoted by c, the inner diameter 2a of the cavities 8 and 
9 is selected such that 



40 



a < c/(3.412fb) 



(2) 



thereby ensuring that the TE11-mode cutoff frequency 
is higher than the resonant frequency of the resonance 
region 60. Furthermore, the inner diameter 2a is so 
selected so that it is greater than the diameter d of the 
non-electrode parts 4 and 5. When the resonant fre- 
quency of the resonator is for example 20 GHz, inequal- 
ity (2) becomes 2a < 8.8mm. That is, the inner diameter 
of the cavities 8 and 9 should be smaller than 8.8 mm. 55 
In practice, the cutoff frequency is selected to be 1 .5 to 
2 times the above theoretical value so as to have a suf- 
ficient margin thereby ensuring that the principal elec- 



thereby ensuring that the TE10-mode cutoff frequency 
is higher than the resonant frequency of the resonance 
region 60. Furthermore, the inner size an of the cavities 
is selected so that it is greater than the diameter d of the 
non-electrode parts 4 and 5. When the resonant fre- 
quency of the resonator is for example 20 GHz inequal- 
ity (2) becomes a < 7.5 mm. That is, the inner size of the 
cavities 8 and 9 should be smaller than 7.5 mm. In prac- 
tice, the cutoff frequency is selected to be 1 .5 to 2 times 
the above theoretical value so as to have a sufficient 
margin. If the cutoff frequency is selected to be 1 5 
times the theoretical value, then the inner size an of the 
cavities 8 and 9 becomes 5 mm. 

The spurious waves in the TE10 or TE1 1 mode are 
suppressed by selecting the size of the cavities in the 
above described manner thereby preventing the energy 
in the principal TE010 mode from being transferred to 
the spurious mode thus preventing degradation in Qo 

Referring now to Figs. 3A, 3B, 4A, 4B, 9A and 9B a 
third embodiment of an dielectric filter according to the 
invention is described below. 

Figs. 3A and 3B are cross-sectional views illustrat- 
ing the inner structure of the dielectric filter, wherein Fig 
3A is a cross-sectional view taken along the line B-B of 
Fig. 3B and Fig. 3B is a cross-sectional view taken 
along the line A-A of Fig. 3A. In Figs. 3A and 3B, refer- 
ence numeral 3 denotes a dielectric plate. Electrodes 1 
and 2 are formed on both principal surfaces of the die- 
lectnc plate 3, wherein each electrode has circular- 
shaped non-electrode parts 4a, 4b, and 4c or 5a 5b 
and 5c with a diameter d. The non-electrode parts 4a 
4b, and 4c are located on one principal surface of the 
dielectric plate 3 while the non-electrode parts 5a 5b 
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and 5c are located at positions corresponding to 4a, 4b, 
and 4c, respectively, on the opposite principal surface 
so that three resonance regions 60a, 60b, and 60c are 
formed. In Figs. 3A and 3B, reference numeral 7 
denotes a case and 16 denotes a base plate. The die- 
lectric plate 3 is disposed in the case 7 and the opening 
of the case is covered with the base plate 16. Cavities 
8a, 8b, and 8c are formed between the case and the 
dielectric plate 3. and cavities 9a, 9b, and 9c are formed 
between the dielectric plate 3 and the base plate 16, 
wherein the cavities 8a. 8b, 8c are coaxial to the non- 
electrode parts 4a, 4b, and 4c, respectively, and the 
cavities 9a, 9b, and 9c are coaxial to the non-electrode 
parts 5a, 5b, and 5c, respectively. The cavities 8a, 8b, 
and 8c are continuous at boundaries with a small width 
e between adjacent cavities. Similarly, the cavities 9a, 
9b, and 9c are continuous at the respective boundaries. 

When the resonant frequency of the resonance 
regions 60a, 60b. and 60c is denoted by fb, and the 
velocity of light is denoted by c, the inner diameter 2a of 
the cavities 8a, 8b, 8c, 9a, 9b. and 9c are selected such 
that inequality (2) is satisfied thus ensuring that the cut- 
off frequency of the cavities is higher than the resonant 
frequency fo. Furthermore, the inner diameter 2a is 
selected to be greater than the diameter d of the non- 
electrode parts. 

When the above-described cavities are regarded 
as waveguides, the cutoff wavelength X c at the bounda- 
ries with the width e between adjacent cavities is given 
by 

X c = 2e (4) 

Therefore, when the resonant frequency of the res- 
onance regions is fo, if the width e of the boundaries is 
set to become smaller than c/(2fo), then the spurious 
waves in the TE10 mode propagating through the 
boundaries of the cavities are suppressed. For exam- 
ple, when fo = 20 GHz, e is selected to be smaller than 
7.5 mm. 

Because the spurious waves can be suppressed by 
properly selecting the width e of the boundaries 
between cavities as described above, it is not necessar- 
ily required that inequality (2) be satisfied, if equation (4) 
is satisfied. 

The base plate 16 shown in Figs. 3A and 3B is 
made of an insulating or dielectric plate on which elec- 
trode patterns are properly formed. A ground electrode 
is formed over the substantially whole area of the bot- 
tom surface (on the lower side in Figs. 3A and 3B) of the 
base plate 16. Ground electrodes and microstrip lines 
12 and 13 are formed on the upper surface of the parts 
of the base plate 1 6 extending outward from the case 7. 
Probes 10 and 1 1 are connected via solder or the like to 
the ends of the respective microstrip lines 12 and 13. In 
the vicinity of the microstrip lines 12 and 13, through- 
holes 14 are formed which extend through the base 
plate 16 so that the ground electrodes formed on the 



upper and lower surfaces of the base plate 16 are elec- 
trically connected to each other thereby ensuring that 
there is no difference in ground potential between the 
upper and lower ground electrodes in the areas near the 

5 microstrip lines thus preventing spurious waves from 
being generated in these areas. 

In the structure shown in Figs. 3A and 3B, the 
probes 1 0 and 1 2 are magnetically coupled with the res- 
onance regions 60a and 60c, respectively. The adjacent 

io resonance regions 60a and 60b are magnetically cou- 
pled with each other via the space between the adjacent 
resonance regions. The adjacent resonance regions 
60b and 60c are also magnetically coupled with each 
other in a similar manner. 

is For the purpose of comparison with the dielectric fil- 
ter shown in Figs. 3A and 3B, there is provided a cross- 
sectional view in Figs. 9A and 9B, which illustrates the 
structure of a dielectric filter according to a conventional 
technique. Unlike the dielectric filter shown in Figs. 3A 

20 and 3B, cavities 8 and 9 are formed on the upper and 
lower sides of a dielectric plate 3 in such a manner that 
the cavity wall is similar in shape to the outer wall of the 
case 7. In Figs. 9A and 9Bi, reference numeral 19 
denotes a spurious wave suppression plate disposed at 

25 a proper location between the base plate 16 and the 
electrode 2 formed on the lower surface of the dielectric 
plate 3 so that an LC circuit (LC resonator) is formed 
between the electrode 2 and the ground electrode at the 
location where the spurious wave suppression plate 19 

30 is located. This technique using such a spurious wave 
suppression plate falls within the scope of Japanese 
Patent Application No. 8-54452 cited above. 

The dimensions of various parts of the dielectric fil- 
ters shown in Figs. 3A, 3B, 9A and 9B are listed below, 

35 wherein the relative dielectric constant e r is also shown. 



TABLE 1 





Figs. 3A, 3B 


Figs. 9A. 9B 


Inner Diameter 2a 


5.5 




Width a 




8.0 


hi 


1.0 


1-5 


h2 


1.0 


20 


t 


1.0 


1.0 


g 


0.5 


0.7 


er 


30 


30 


d 


4.4 


4.0 


e 


2.5 




b 


15.3 


18.0 



Figs. 4A and 4B illustrate the attenuation-frequency 
characteristic for both dielectric filters shown in Figs. 
3A, 3B, 9A and 9B. wherein the characteristic of the die- 
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lectric filter of Figs. 3A and 3B is shown in Fig. 4A and 
the characteristic of the dielectric filter of Figs. 9A and 
9B is shown in Fig. 4B. 

In the dielectric filter shown in Fig. 9A and 9B, when 
the length b along the longer sides of the case 7 is 
regarded as the width of the waveguide, the lowest- 
order resonance in the TE10 mode can occur in this 
direction of the waveguide. In this specific example, b = 
18.0, thus the cutoff frequency in the TE10 mode is 8.3 
GHz. In fact, a resonance peak corresponding to this 
cutoff frequency appears within the range of 9 to 9 GHz 
as shown in Fig. 4B. When the length a along the 
shorter sides of the case 7 is regarded as the width of 
the waveguide, the cutoff frequency in the TE10 mode 
can be calculated as fc = 18.8 GHz because a = 8.0. In 
Fig. 4B, however, attenuation occurs at this frequency. 
This is because the LC circuit formed with the spurious 
wayA_suppression.plate .19_shown in-Fig.-9A acts as a 
trap filter which traps the signal in the range of 18 to 20 
GHz. Jf the spurious wave suppression plate is not pro- 
vided, resonance in the TE10 mode occurs near 18.8 
GHz, and the frequency range near 1 8.8 GHz becomes 
a passband, and thus the filter does not function as a 
TE010-mode filter. 

In the case of the dielectric filter shown in Fig. 3A 
and 3B, if the cavities with the total length b of 15.3 mm 
are assumed to act as a whole as a wavelength with a 
width of 15.3 mm, then resonance in TE10 mode occurs 
near 9.8 GHz. However, the inner shape of the case is 
formed in such a manner as to be similar to the shape of 
the TE01 0-mode resonator parts and thus the width e is 
as small as 2.5 mm. As a result, fc in the TE10 mode 
becomes higher than 30 GHz, and attenuation greater 
than 70 dB is achieved in the frequency range of 9 to 1 1 
GHz as shown in Fig. 4A. On the other hand, the cutoff 
frequency fc associated with resonance in the TE1 1 
mode corresponding to the diameter 2a shown in Figs. 
3A and 3B can be calculated as about 32 GHz from ine- 
quality (2) with 2a - 5.5 mm. Therefore, no influence of 
the resonance in this mode is seen in Fig. 4A. 

Thus, in the structure shown in Figs. 3A and 3B, 
attenuation greater than 40 dB is achieved over the wide 
frequency range from DC to 25 GHz except for reso- 
nance peaks corresponding to the spurious resonance 
in the HE1 10, HE210. HE310. and TE1 10 modes which 
occur in the resonance regions. 

As can be seen from the above description, if the 
inner structure and dimensions of the case are deter- 
mined as shown in Figs. 3 A and 3B, the cutoff frequency 
can fall within the frequency range of interest without 
having to use the spurious wave suppression plate such 
as that shown in Figs. 9A and 9B, and thus a filter with 
a desired characteristic can be easily realized. This 
makes it possible to produce a filter with a reduced 
number of components. The reduction in the number of 
components results in a reduction in production cost 
and results in an improvement in reliability. 

Referring now to Figs. 5A and 5B, a fourth embodi- 



ment of a dielectric filter according to the invention is 
described below. In this embodiment, unlike the struc- 
ture shown in Figs. 3A and 3B, cavities 8 and 9 are 
formed on the upper and lower sides, respectively, of a 
5 dielectric plate 3 in such a manner that the cavities 8 
and 9 have a fixed width a over the entire length of the 
cavities in which three resonator regions 60a, 60b, and 
60c are located. The width a is selected so that inequal- 
ity (3) described earlier is satisfied. Furthermore, the 
10 width a of the cavities is selected to be greater than the 
diameter d of the non-electrode parts. The other parts 
are similar to those shown in Figs. 3A and 3B. 

Figs. 6A and 6B illustrate the structure of a dielec- 
tric filter according to a fifth embodiment of the inven- 
ts tion. The difference from that shown in Figs. 5A and 5B 
is that cavities 8a, 8b, and 8c are formed on the upper 
sides of resonance regions 60a, 60b, and 60c, respec- 
tively, and cavities 9ar9b, r and 9c are r formed bn the 
lower sides of resonance regions 60a, 60b, and 60c, 
20 respectively, wherein boundary parts between adjacent 
cavities are narrowed to a width b. The other parts are 
similar to those shown in Figs. 5A and 5B. By narrowing 
the boundary portions between adjacent cavities to a 
width b, propagation of spurious waves through the 
25 boundary portions in the cavities is further suppressed. 
The coupling between the adjacent resonance regions 
can be adjusted by varying the width b of the narrowed 
portions. That is, if the width b is reduced while main- 
taining the space between the adjacent non-electrode 
30 parts unchanged, the coupling between the adjacent 
resonance regions decreases. Conversely, if the width b 
is increased, the coupling between the adjacent reso- 
nance regions increases. 

Figs. 7A and 7B are cross-sectional views illustrat- 
35 ing the structure of a dielectric filter according to a sixth 
embodiment of the invention. The difference from that 
shown in Figs. 5A and 5B is that the non-electrode parts 
4a, 4b, 4c, 5a, 5b, and 5c are formed into rectangular 
shapes and that the probes 1 0 and 1 1 are formed into a 
40 shape extending straight over the entire length to their 
end portions. The other parts are similar to those shown 
in Figs. 5A and 5B. If the non-electrode parts are formed 
into rectangular shapes, the respective resonance 
regions 60a, 60b. and 60c acts as dielectric resonators 
^5 in the TE100 mode. The probes 10 and 11 are magnet- 
ically coupled with the resonators in the resonance 
regions 60a and 60c, respectively. The adjacent resona- 
tors in the resonance regions 60a and 60b are magnet- 
ically coupled with each other. Similarly, the adjacent 
» resonators in the resonance regions 60b and 60c are 
also magnetically coupled with each other. 

Figs. 8A and 8B are cross-sectional views illustrat- 
ing the structure of a dielectric filter according to a sev- 
enth embodiment of the invention. The difference from 
55 that shown in Figs. 7A and 7B is that cavities 8a, 8b, and 
8c are formed on the upper sides of resonance regions 
60a, 60b, and 60c, respectively, and cavities 9a, 9b, and 
9c are formed on the lower sides of resonance regions 
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60a, 60b, and 60c, respectively, wherein boundary parts 
between adjacent cavities are narrowed. The other 
parts are similar to those shown in Figs. 7A and 7B. By 
narrowing the boundary portions between adjacent cav- 
ities, propagation of spurious waves through the bound- 5 
ary portions in the cavities is further suppressed. The 
coupling between the adjacent resonators can be 
adjusted by varying the width of the narrowed portions. 

Referring now to Fig. 1 1 , a duplexer according to an 
eighth embodiment of the invention is described below. 

The cross section shown in Fig. 1 1 is taken along a 
plane extending through the case 7 in a similar manner 
to that shown in Figs. 3A and 3B. The general structure 
is basically the same as the 2-pbrt dielectric filter shown 
in Figs. 3A and 3B. An electrode is formed on the upper 
surface of a dielectric plate such that the electrode has 
six non-electrode parts 4a. 4b, 4c, 4d, 4e, and 4f. A sim- 
ilar electrode is formed on the lower surface of the die- 
lectric plate such that the non-electrode parts of the 
lower electrode are located at positions corresponding 
to the positions of the non-electrode parts of the upper 
electrode. In this structure, six dielectric resonators are 
formed on the single dielectric plate. 

Probes 10, 11, 20, and 21 are disposed below the 
dielectric plate. The probes 1 1 and 20 are formed by 
separating a single element into two parts. The inner 
shape of the case 7 is determined so that there are 
spaces surrounding the respective probes not only in 
those region where the probes are coupled with the die- 
lectric resonators but over the entire probes. 

The probe 10 is magnetically coupled with the res- 
onance region 60a formed on the non-electrode part 4a. 
The probe 21 is magnetically coupled with the reso- 
nance region 60f formed on the non-electrode part 4f. 
The probes 1 1 and 20 are magnetically coupled with the 
resonance regions 60c and 60d formed on the non- 
electrode parts 4c and 4d, respectively. 

A receiving filter is formed with three resonance 
regions 60a. 60b, and 60c located on one side, and 
transmitting filter is formed with the remaining three res- 
onance regions 60d, 60e, and 60f located on the other 
side. A part of the case 7 extends between the reso- 
nance region 60c serving as the first stage of the receiv- 
ing filter and the resonance region 60d serving as the 
final stage of the transmitting filter so as to ensure that 
the receiving filter and the transmitting filter are well iso- 
lated from each other. 

The electrical length from the equivalents short- 
circuited plane of the resonance region 60c to the 
branch point of the probes 1 1 and 20 is selected to be 
an odd multiple of 1/4 times the wavelength, as meas- 
ured on the transmission line, of the transmission fre- 
quency. The electrical length from the equivalents 
short-circuited plane of the resonance region 60d to the 
branch point of the probes 1 1 and 20 is selected to be 
an odd multiple of 1/4 times the wavelength, as meas- 
ured on the transmission line, of the reception fre- 
quency. 



This structure allows the transmission signal and 
the reception signal to be separated while spurious 
waves propagating in the spaces above and below the 
dielectric plate are suppressed in both the reception fil- 
ter and transmission filter. 

Fig. 1 2 is a block diagram illustrating a communica- 
tion device according to a ninth embodiment of the 
invention. 

In this communication device shown in Fig. 12, a 
duplexer according to the eighth embodiment described 
above is used as an antenna duplexer. In Fig. 12, refer- 
ence numerals 46a and 46b denote receiving and trans- 
mitting filters, respectively, which form an antenna 
duplexer 46. As shown in Fig. 12, a receiving circuit 47 
is connected to the received signal output port 46c of 
the antennal duplexer 46, and a transmitting circuit 46 is 
connected to the transmitting signal port 46d. Further- 
more, an antenna 49 is connected to the input/output 
port 46e so that the overall structure serves as a com- 
munication device 50. 

By employing the antenna duplexer having excel- 
lent characteristics in terms of the spurious suppression 
and separation between the transmission and reception 
signals, a small-sized high-performance communication 
device can be realized. 

Although in the embodiment shown in Fig. 12, the 
duplexer according to the present invention is employed 
in the communication device, any of the above- 
described dielectric resonators or dielectric filters 
according to the invention may be employed in the RF 
circuit of the communication device. This makes it pos- 
sible to realize a communication device having an RF 
circuit with low spurious effects. 

As can be understood from the above description, 
the present invention has the following advantages. In 
the resonator according to the invention, generation of 
spurious waves in the spaces between the inner cavity 
wall and the electrodes and the principal surfaces of the 
dielectric plate is suppressed. As a result, transfer of 
energy to the spurious mode is suppressed thus pre- 
venting the reduction in unloaded Q of the dielectric res- 
onator. 

Furthermore, the shape of the cavities is selected 
so that generation of spurious waves is suppressed in a 
further effective fashion. 

In the filter according to the invention, spurious 
waves are suppressed and degradation in the attenua- 
tion characteristic in the frequency ranges outside the 
passband is prevented. 

In the duplexer according to the invention, good 
attenuation characteristic is achieved in the frequency 
ranges outside the passband. 

In the communication device according to the 
invention, good characteristics without being affected by 
spurious effects are achieved in the RF circuit of the 
communication device. The resultant communication 
device is small in size and high in efficiency. 
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Claims 



2. 



A dielectric resonator including electrodes (1, 2) 
formed on both principal surfaces of a dielectric 
plate (3), non-electrode parts (4, 5; 4a, b, c. 5a, b, c; 
4a, b, c, d, e, f) having substantially the same shape 
being formed in the respective electrodes (1. 2) 
such that said non-electrode parts (4, 5; 4a, b. c, 
5a, b, c; 4a. b, c, d, e, f) are located at positions cor- 
responding to each other on the opposite principal 
surfaces of the dielectric plate (3), a region between 
said non-electrode parts (4, 5; 4a, b, c, 5a, b, c; 4a, 
b, c, d, e, f) serving as a resonance region (60; 60a, 
b, c; 60a, b, c, d, e, f), said non-electrode parts (4, 
5; 4a, b, c, 5a, b, c; 4a, b, c, d, e, f) being sur- 
rounded by a cavity (8, 9; 8a, b, c, 9a, b, c) formed 
inside a conductive case (6; 7), said dielectric reso- 
nator being characterized in tha^- - 

the dimensions of said cavity (8, 9; 8a, b, c, 
9a, b, c) are determined so that the cutoff frequency 
of said cavity (8, 9; 8a, b, c, 9a, b, c) is higher than 
the resonant frequency of said resonance region 
(60; 60a, b, c; 60a, b, c, d, e, f) and so that the size 
of said cavity (8, 9; 8a, b, c, 9a, b, c) is greater than 
the outer size of said non-electrode parts (4, 5; 4a, 
b, c, 5a, b, c; 4a, b, c, d, e, f). 

A dielectric resonator according to Claim 1 , wherein 
said cavity (8, 9; 8a, b, c, 9a, b, c) is formed into a 
cylindrical shape with an inner diameter 2a which 
satisfies the condition a < c/(3.412fo) where fo is 
the resonant frequency of said resonance regions 
(60; 60a, b, c; 60a, b, c, d, e, f) and c is the velocity 
of light. 
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30 



inside a conductive case (7), said dielectric filter fur- 
ther including a signal input part (1 1; 1 1 , 21) and a 
signal output part (10; 10. 20) which are each cou- 
pled with an electromagnetic field in the vicinity of 
any (60c, 60a; 60c, 60f, 60a, 60d) of said plurality of 
resonance regions (60a, b, c; 60a, b, c, d, e, f), said 
dielectric filter being characterized in that: 

the width of said cavity (8a, b, c, 9a t b. c) at 
the boundary part between adjacent non-electrode 
parts (60a, b, 60b, c; 60a, b, 60b, c, 60d. e, 60e, f) 
is determined so that the cutoff frequency associ- 
ated with the boundary becomes higher than the 
resonant frequency of said resonance regions (60a, 
b, c; 60a, b, c, d, e, f). 

A dielectric filter according to Claim 4, wherein said 
cavity (8a, b, c, 9a, b, c) surrounding the non-elec- 
trode parts (4a. -fo, c. 5a, b. c; 4arb, c, d, er f) is 
formed into a cylindrical shape, and the width e of 
the boundary part of said cavity (8a, b, c, 9a, b, c) is 
determined such that e < c/(2fo) where fo is the 
resonant frequency of said resonance regions (60a, 
b, c; 60a, b, c, d, e, f) and c is the velocity of light. 



3. A dielectric resonator according to Claim 1 , wherein 
said cavity (8, 9; 8a, b, c, 9a, b, c) is formed into a 
rectangular with a width a which satisfies the condi- 
tion a < c/(2fo) where fo is the resonant frequency 

of said resonance regions (60; 60a, b, c; 60a, b, c, 40 
d, e, f) and c is the velocity of light. 

4. A dielectric filter including electrodes (1 , 2) formed 
on both principal surfaces of a dielectric plate (3), a 
plurality of non-electrode parts (4a, b, c, 5a, b, c; 4a, 45 
b, c, d, e, f) having substantially the same shape 
being formed in the respective electrodes (1,2) 
such that said non-electrode parts (4a, b, c, 5a, b, c; 

4a. b, c, d, e, f) on one principal surface of the die- 
lectric plate (3) are located at positions correspond- so 
ing to the positions of the respective non-electrode 
parts (4a, b, c, 5a, b, c; 4a, b, c, d, e, f) on the other 
principal surface on the opposite side, the respec- 
tive regions between said non-electrode parts (4a, 
b, c, 5a, b, c; 4a, b, c, d. e, f) serving as resonance 55 
regions (60a, b, c; 60a, b, c, d, e, f), said non-elec- 
trode parts (4a, b, c, 5a, b, c; 4a, b, c, d, e, f) being 
surrounded by a cavity (8a, b, c, 9a, b, c) formed 
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